Background: Mental health knowledge is an important part of mental health literacy, which is related to one's attitude and coping style when facing mental illness. The awareness rate of mental health knowledge among adolescents is an effective index to evaluate the effect of school mental health education, and the awareness rate of mental health knowledge among Chinese adolescents has not been effectively evaluated.
Introduction
Mental health is an important part of health, and people have realized that there is no health without mental health. [1] A study conducted by the World Health Organization indicated that more than 450 million people worldwide suffer from various mental disorders, of which 121 million suffer from depression, 24 million suffer from schizophrenia, and more than 1 million commit suicide every year. [2] A study by Phillips et al [3] revealed that the lifetime prevalence rate of various kinds of mental disorders in China is 16 .6%, and the prevalence has increased significantly in recent years.
The burden of illness caused by mental disorders has increased rapidly, and the research conducted by Yang et al [4] indicated that mental disorder has become the main cause of years lived with disability in China. Many patients with mental disorders are in poverty due to their illness, [5] and are easily associated with violent attacks against others and society, [6] which has become a major public health and social issues. [7] Previous studies have proved that only in good mental health can human deal with the adjustment questions at different stages of life. [8] The mental health of adolescent is a hotspot of many psychiatrists because adolescence is a vital transition period of life. [9] The study of current psychiatric pattern in children and adolescents indicated that the incidence of mental health problems among adolescents was higher than other age groups. Taking the study by Araz Altay et al, [10] for example, the researcher investigated the main psychiatric symptoms of adolescents in Turkey, and analyzed the use of psychotropic drugs, providing good guidance for improving the mental health of adolescents in developing countries. [10] Researchers have come to the conclusion that people are more likely to suffer from depression and other mental disorders during adolescence than any other age groups. [11] A nationwide survey shows that the incidence of depression in adolescents is higher than the national average. [12] Previous studies indicated that many adolescents with depression did not choose to seek professional mental health services that may aggravate their illness, and some even commit suicide. [13] When analyzing which factors affect adolescents' access to professional mental health services, Diamond et al [14] found that lacking of mental health knowledge was a significant risk factor. According to the theory of knowledge-attitude-practice, [15] the change of human behavior is divided into 3 successive stages: knowledge acquisition, belief generation, and behavior formation. That is, human beings first generate beliefs from knowledge, and then the beliefs guide human behavior. Knowledge is the foundation of behavior, belief is the motivation of behavior, and the change of behavior is the ultimate goal. A good indicator to assess the effectiveness of mental health education is the awareness rate of mental health knowledge, [16] and number of studies [17] have proved its significant association with human's mental health status, attitude toward mental illness, and help-seeking behaviour. Burns and Rapee [18] have concluded from their research that adolescents with good mental health knowledge will help themselves in maintaining physical and mental health, reducing the incidence of depression and other mental disorders. Khan et al [19] also found in their study that a good mental health knowledge among depressive university students was significantly associated with less stigma and more medicalseeking behavior. So mental health knowledge is an important index for adolescents, which can not only increase relevant ability, but can also form the right attitude to take the right approach in preventing and dealing with mental disorders. According to the Chinese national mental health work plan (2015-2020), by the end of 2020, the awareness rate of mental health knowledge among adolescents should be up to 80% at least. [20] Thus, it is important to evaluate the awareness rate of mental health knowledge among Chinese adolescents so that we can understand the real gap between the goal and the reality and provide the basis for the future mental health promotion plans. However, we have not found such study.
A meta-analysis of relative literatures was conducted in this study, so that we can provide valuable information for improving quality of mental health education system in China.
Methods

Ethical approval
This study was conducted by extracting relevant data from publicly available literatures. The informed consent of participants is not required for each process carried out in this study. Therefore, this study was not applicable of review approval.
Search strategy
Two electronic databases for English language (PubMed and Web of Science) and 3 electronic databases for Chinese language were searched for related studies. 
Study selection
Included studies met the following criteria:
1. the study involved adolescents from Chinese mainland, including students from junior high school, senior school, and university; 2. research content was awareness rate of mental health knowledge; 3. the questionnaire used was based on the mental health knowledge content recommended by the National Health Administration [21] ; 4. only English and Chinese languages were included; 5. the sample size of the included study was greater than 100; 6. included researches were cross-sectional study; and 7. included samples were selected randomly.
Data extraction
Two authors (YY and SG) independently extracted relevant data from the included studies. Following information were necessary: name of the first author, year of publication, research location, sample size, awareness rate or the number of people who can correctly answer the relevant questions, types of students, and so on.
Outcome
The primary outcome of this study is the awareness rate among adolescents. According to the types of students, stratified analysis is also carried out.
Quality assessment of included studies
Two authors independently conducted the evaluation on the following information: representativeness, the consistence of the survey tools, and information integrity. Included studies were classified as "low risk of bias," "unclear risk of bias," or "high risk of bias," with respect to the above information. Scores greater than 3 was considered average quality. The guidelines of the Cochrane reviews are the basis of the above assessment strategy. [22] 
Statistical analysis
The normal distribution test was conducted. According to the test results of 5 methods (the original rate, logarithmic transformation of the original rate, perform logit conversion to the original rate, inverse sine transform of the original rate, and Freeman-Tukey double inverse sine conversion of the original rate), the closest to the normal distribution was selected. [23] The awareness rate among adolescents and corresponding 95% confidence intervals (CIs) were calculated. The heterogeneity was assessed with I 2 test, with an I 2 > 50% indicating the existence of heterogeneity (if I 2 > 50%, random model was adopted; if I 2 < 50%, fixed model was adopted). [24] In addition, publication bias of articles involved was evaluated by funnel plot and was confirmed using Egger test. [25] All statistical analyses were conducted using R (version 3.4.4, R Project for Statistical Computing, Vienna, Austria). [26] Statistical tests were considered significant when P < .05.
Results
Study selection
Five electronic databases were searched for relevant studies. At first, we obtained 2024 potentially eligible articles, out of which 458 duplicates were removed. Among the remaining 1566 articles, we excluded 1426 studies after screening their titles and abstracts. Out of the 140 full-text studies, 123 studies without valuable outcomes were ruled out. Finally, a total of 17 articles with 22,164 students were included in the present study, evaluating Chinese adolescents' awareness rate of mental health knowledge. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] The flow chart is schematically shown in Figure 1 .
Study characteristics
A total of 17 studies were included in this study, comprising 22,164 students from different stages of education (10,437 senior middle-school students, 5589 junior middle-school students, and 6138 college students). There were 8 studies that included the awareness rate among university students, which comprised 6138 college students, and this is about 28% of the total sample. Seven articles included the awareness rate among senior middle-school students and 5 articles included the awareness rate among junior middle-school students. There were 3 literatures that included both senior school students and junior high-school students. The general characteristics of the included studies are shown in Table 1 .
Quality assessment
The detailed result of the bias assessment is shown in Table 2 , from which we can see that although most included studies have good information integrity and sample randomness, the quality of included studies was not up to the expectations.
Overall awareness rate among adolescents in China
Twenty studies from 17 literatures [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] were included in the meta-analysis. The result of heterogeneity test indicated that there was a significant heterogeneity (I 2 = 96%); therefore, the random model was selected. The combined awareness rate of mental health knowledge among adolescents was 0.66 and the 95% CI was 0.63 to 0.69, which was significantly lower than the relevant standards. [20] The forest plot is shown in Figure 2 .
The awareness rate among university students
In order to obtain the combined awareness rate of mental health knowledge among Chinese university students, a total of 8 studies were included in this study, which comprised 6138 college students. The awareness rate among college students was significantly higher than the overall awareness rate among adolescents (among university students, the awareness rate was 0.73, 95% CI: 0.66-0.79). The detailed result is shown in Figure 3 . We also compared the awareness rate among university students in regions with different levels of development. In this study, Beijing, Shanghai, Guangdong province, Zhejiang province, and Jiangsu province were considered as developed regions, whereas other parts of this country were classified as developing regions. Interestingly, we found that university students in the developed regions have a higher awareness rate of mental health knowledge than students in the developing regions (in developed regions, the awareness rate was 0.75, 95% CI: 0.66-0.82; in developing regions, the awareness rate was 0.70, 95% CI: 0.57-0.81). The stratified analysis of the forest plot is shown in Figure 4 .
The awareness rate among middle-school students
Twelve studies from 9 literatures comprising 16,026 students were included to evaluate the awareness rate among middleschool students. The random model was used due to the significant heterogeneity (I 2 = 91%), and the result indicated that the combined awareness rate of mental health knowledge among middle-school students was not only lower than the group of college students, but also lower than the overall level of adolescents. The awareness rate of middle-school students was 0.61 and the 95% CI was 0.59 to 0.64. After stratification analysis, we found that the awareness rate among high-school students is almost the same as that of middle-school students Table 1 The basic information and data of all included studies in the meta-analysis.
Study
Year Responders Sample size Sample type Area Region
Xi YJ [26] 2014 247 368 U Beijing Developed region Liao JJ [27] 2017 1978 2605 U Jiangxi Developing region Wu YL [28] 2013 216 309 U Zhejiang Developed region Kuang SY [29] 2017 132 152 U Guangzhou Developed region Ma J [30] 2018 618 754 U Army Developed region Zhou ZP [31] 2019 489 866 U Fujian Developing region Wang BY [32] 2014 240 367 U Zhejiang Developed region Xiao Q [33] 2014 548 717 U Hubei Developing region Yang H [34] 2008 127 205 S Guangxi Developing region Fu WZ [35] 2005 953 1602 S Shanghai Developed region Liu T [36] 2013 817 1327 S Beijing Developed region Huang M [37] 2018 2937 4480 S Sichuan Developing region Yang N [38] 2012 505 961 S Guangzhou Developed region Yang XL [39] 2014 602 894 S Gansu Developing region Wang XL [40] 2012 614 968 S Hunan Developing region Fu WZ [35] 2005 547 1006 J Shanghai Developed region Liu T [36] 2013 443 731 J Beijing Developed region Wang JX [41] 2015 661 1005 J Zhejiang Developed region Hu LX [42] 2012 539 953 J Fujian Developing region Li WD [43] 2015 1228 1894 J Shandong Developing region J = junior middle-school students, S = senior middle-school students, U = university students. Xi YJ [26] L U L L L 4 Liao JJ [27] L U L U H 2 Wu YL [28] L U L U H 2 Kuang SY [29] L U L L U 3 Ma J [30] L U L L U 3 Zhou ZP [31] L U L U H 2 Wang BY [32] L U L L U 3 Xiao Q [33] L U L L L 4 Yang H [34] L U L L L 4 Fu WZ [35] L U L L L 4 Liu T [36] L U L L L 4 Huang M [37] L U L L L 4 Yang N [38] L U L L L 4 Yang XL [39] L U L L L 4 Wang XL [40] L U L L L 4 Fu WZ [35] L U L L L 4 Liu T [36] L U L L L 4 Wang JX [41] L U L L L 4 Hu LX [42] L U L U H 2 Li WD [43] L (among junior middle-school students, the awareness rate was 0.61, 95% CI 0.56-0.65; among senior middle-school students, awareness rate was 0.62, 95% CI 0.58-0.65). The result of the forest plot is shown in Figure 5 .
Publication bias
The funnel plot is shown in Figure 6 . The result of the Egger test indicated that there was no significant publication bias (t = 0.51, P = .616, bias = 1.56, slope = 0.51). Thus, the validity and credibility of this meta-analysis was confirmed.
Discussion
In human life, adolescence is considered to be the most important stage, because in this stage, people have to experience cognitive, biological, and social changes. Research from the World Health Organization showed that many countries were experiencing the increase in suicide rate among adolescents. [45] Although Western countries, such as the United Kingdom, do not also have a high proportion of teenagers seeking professional psychological help, the situation is still better when compared with China. [46] One of the reasons may be that although the communication between China and Western countries has been increasing during last decades, traditional Chinese culture, such as Confucianism, still exerts a profound influence on teenagers. In particular, the Chinese education system (including families and society) considers obedient and quiet children to be good, which makes Chinese children unwilling to seek help when they have mental problems. In addition, China's mental health service system is still being improved, especially the professional mental health services for adolescents, which need to be further improved. Moreover, especially for Chinese middle-school students, their learning tasks are very heavy (in order to enroll a good university), and mental health education has been ignored by both schools and parents in the past. Such reason maybe lead to a higher rate of self-injury and even suicide among Chinese adolescents. [47] Zhang et al [48] suggest that these phenomena may be significantly related to lower mental health literacy. The core content of the mental health literacy is mental health knowledge. [49] Health education is an effective means to improve adolescent mental health knowledge [50] ; however, we have not seen any studies on how to evaluate the effectiveness of health education, especially about mental health knowledge among adolescents in China. In addition, clear development goals have been set in Chinese national mental health work plan (2015-2020), [20] the gap between reality and goals needs to be assessed. In this study, a meta-analysis was conducted to evaluate the awareness rate of mental health knowledge among Chinese adolescents. Overall, the awareness rate of mental health knowledge among Chinese adolescents was only 66%, significantly below the goals set out in the national mental health work plan. [20] Among the adolescents, university students have the highest awareness rate (73%), which is significantly higher than senior middle-school students (62%) and junior middle-school students (61%). If we stratify the analysis by region, we find that the awareness rate among college students in developed regions (75%) is higher than that in developing regions (70%). This indicated health education for college students (on mental health knowledge) needs to be further strengthened, especially in universities in developing regions, which need to make more efforts to improve students' mental health knowledge.
From the results, we can see that the awareness rate among senior middle-school students and junior middle-school students is almost the same, but both are far below the target set by the national mental health work plan. [20] Logically, senior middleschool students are more mature than junior middle-school students, and they receive more education than junior middleschool students, so their awareness rate should be higher than junior middle-school students. Interestingly, the results, however, did not match such expectations. The above information indicated that the health education for middle-school students (on mental health knowledge) needs to be further strengthened.
In this study, we conducted a meta-analysis to quantitatively analyze the mental health knowledge awareness rate among adolescents in China. Undoubtedly, the present study can provide valuable information for enhancing the mental health education system, especially for adolescents in China; however, some limitations of the present study need attention. First, although a thorough literature search was conducted in this study, we only got qualified documents that were published in Chinese. Second, most of the included studies did not mention the blind method, and the quality of literature needs to be improved. Third, significant variation existed in the number of studies with respect to different groups, for example, 8 articles were about university students, whereas only 5 articles were about junior middle-school students.
In conclusion, the awareness rate of mental health knowledge among Chinese adolescents was only 66%, which is lower than the goal set in the national mental health work plan. The awareness rate of mental health knowledge among Chinese university students was 73%, and the awareness rate among college students in developed regions was higher than that in developing regions. The awareness rate among middle-school students was 61%, and the awareness rate among senior middleschool students was no more than that of junior middle-school students. The abovementioned information indicated that health education for adolescents (on mental health knowledge) needs to be further strengthened. 
